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INTRODUCTION 

Ni t roqenous compounds i n  crude o i l s  and petroleum products have been ’ 
~ e a r l y  stages o f  upgrading. With convent ional  technology t h i s  i s  done by severe 
/ h y d r o t r e a t i n g  which has severa l  disadvantages: h igh  c a p i t a l  cost  investment, 

associated with severa l  problems i n  processing opera t ions  and must be removed i n  t h e  

degradat ion o f  valuable mater ia l ,  and h igh  opera t ing  cost due t o  energy and hydrogen 
consumption. A method a l l ow ing  the  separa t ion  o f  ni t rogenous compounds from 
feedstocks would g rea t l y  reduce the  cos ts  o f  upgrading. 

Several  a n a l y t i c a l  procedures are known fo r  t h e  separa t ion  o f  n i t rogenous 
compounds (1-7). These methods, however, are no t  f eas ib le  fo r  l a rge  sca le  opera t ion .  

I n  t h i s  study waste minera ls  have been tes ted  as low cost adsorbents. Since 
su lph ide  minerals are known as good adsorbents a se r ies  o f  sulphides was tes ted  (5).  
We a l so  tes ted  brominated i l m e n i t e  i n  an attempt t o  take  advantage o f  t h e  complexing 

I p r o p e r t i e s  o f  t i t a n i u m  and i r o n  (6,7). 

EXPERIMENTAL 

SULPHIDE MINERALS 

The adsorp t ion  s tud ies  were conducted by l i q u i d  chromatographic methods. 
, The feed was a s o l u t i o n  o f  four or f i v e  ni t rogenous model compounds d isso lved i n  50:50 

heptane/toluene. Each compound c o n t r i b u t e d  25 ppm N t o  the  so lu t i on .  The sdsorbents 
were n a t u r a l  waste minerals:  p y r r h o t i t e  (FeS), p y r i t e  (FeS2), spha le r i t e  (ZnS), and 
c h a l c o p y r i t e  (FeCuSp ). 

The adsorbent (200 mesh) was dry-packed in, a s t a i n l e s s  s t e e l  column (60 cm 
long  x 0.4 cm I.D.). 

The s o l u t i o n  of the  n i t rogen  compounds was pumped i n t o  the  column a t  1 
mL/min. Samples o f  2 mL were c o l l e c t e d  and analyzed by gas chromatography us ing  a 
Var ian 6000 gas chromatograph and a Dexsi l -300 packed column. 

The area of the chromatographic peaks was used t o  ca l cu la te  t h e  percentage 
o f  each component present i n  the  e f f l u e n t s .  The c a l c u l a t i o n s  were made as fo l l ows :  

% Species i area o f  peak i i n  sample x 100 
area o f  peak i i n  feed 

% To ta l  n i t rogen  = z area o f  peak i i n  sample x 100 
Z area o t  peak i i n  teed 
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Brominated I l m e n i t e  

The i l m e n i t e  o re  was taken from within 0.8 km o f  a po in t  s i t u a t e d  about 2.4 
k m  southwest o f  St-Urbain and about 11.2 km n o r t h  o f  the v i l l a g e  o f  Baie St-Paul, 
QuBbec, on the n o r t h  shore o f  t he  St-Lawrence River.  
and 19% FepO3. 

I n  a 100-mL round bottom f l a s h  equipped with a r e f l u x  condenser, and conta in ing  15-9 
o f  crushed i l m e n i t e  an excess o f  bromine (about 10 mL) was added. The mix tu re  was 
heated t o  58OC f o r  2 h, cooled, washed w i t h  50-mL pentane t o  remove excess bromine. 
The t rea ted  i l m e n i t e  was f i l t e r e d  o f f  and then washed again w i t h  pentane u n t i l  t he  
workings became c o l o u r l e s s .  
n i t rogen,  and used as adsorbent. 

It contained 39% TiOp, 28% FeO 
The ore was crushed t o  about 200 mesh and t r e a t e d  as fo l lows:  

The t rea ted  i l m e n i t e  was then d r i e d  w i t h  a stream o f  

MODEL COMPOUND STUDY 

A standard s o l u t i o n  of  18 ni t rogenous compounds i n  to luene was prepared. 
I t s  compositon i s  g iven i n  Table 1. 
mL/min i n t o  a 30 cm lonq x 0.4 cm 1.0. column, packed w i t h  20 g o f  t rea ted  i lmen i te .  r 
Samples o f  5-mL were c o l l e c t e d  and analyzed by gas chromatography us inq  a 12.5 m long 
SE-SO c a p i l l a r y  column. 

This s o l u t i o n  was pumped cont inuous ly  at  0.5 

RESULTS 

The f a t e  o f  t h e  var ious  ni t rogenous compounds was monitored by ana lyz ing  the 
e f f l u e n t  by gas chromatography. A comparison o f  the  r e s u l t s  c l e a r l y  shows t h a t  
c e r t a i n  ni t rogenous compounds have a grea ter  a f f i n i t y  for  t he  sur face  o f  t h e  
sulphides. F i g u r e  1 shows t h e  percentage o f  each species present i n  the  e f f l u e n t  vs. 
t he  volume pumped i n t o  the  column. These r e s u l t s  show t h a t  t h ree  o f  the  four 
compounds broke through the  column a f t e r  5-mL compound was pumped. 
however, was the  on ly  compound s e l e c t i v e l y  removed. Thus the  sur face  can 
d i f f e ren t i a t .e  between the  var ious  ni t rogenous compounds. 
was observed for the o ther  su lph ide  minerals.  

Tr ibuty lamine, 

The same type o f  behaviour 

Ti tanium i s  known t o  form complexes with var ious  ni t rogenous compounds 
(6,7). 
surface. Treated i l m e n i t e  was found t o  be a much b e t t e r  sorbent than un t rea ted  
i lmen i te .  
c o n t a i n i n g  18 model compounds was used. F igure  2 descr ibes the fa te  o f  these 18 
compounds d u r i n g  the run. 

I l m e n i t e  was t rea ted  w i t h  bromide i n  order t o  form T i e r x  and FeEr, on the  

To b e t t e r  charac ter ize  the  so rp t i on  p r o p e r t i e s  o f  t rea ted  i l m e n i t e  a feed 

Compounds such as benzylamine and 2,2l - d i p y r i d y l  are e x t e n s i v e l y  adsorbed 
and are s t i l l  completely r e t a i n e d  by the  i l m e n i t e  a f t e r  150 mL has been pumped i n t o  
t h e  column. 
a f te r  15 mL. The m o u n t  o f  benzylamine adsorbed i s  a t  l e a s t  20 t imes t h a t  o f  
carbazole.  Table 1 g i ves  the  order o f  e l u t i o n  o f  the  18 compounds. I t i s  i n t e r e s t i n g  
t o  note t h a t  t h e r e  seems t o  be a general  c o r r e l a t i o n  between the  extent o f  adsorpt ion 
and the  b a s i c i t y  o f  the  compound. 

Other compounds such as carbazole a re  ha rd l y  adsorbed and e l u t i o n  occurs 

I 

Another important fea ture  observed i n  F ig .  2 i s  t h a t  some compounds a re  
i r r e v e r s i b l y  adsorbed wh i l e  o thers  are reve rs ib l y  adsorbed. Compounds such as indo le  
a re  i r r e v e r s i b l y  adsorbed: i n  other words these compounds sa tura ted  the  s i t e s  t h a t  
were a v a i l a b l e  t o  them and were not subsequently displaced. Conversely, compounds 
such as a n i l i n e  are  r e v e r s i b l y  adsorbed. The i r  behaviour i s  t y p i c a l  o f  displacement 
chromatography where a compound i s  desorbed by another thus g i v i n q  r i s e  t o  a concen- 
t r a t e d  f ron t  t h a t  eventua l l y  e lu tes  i n  the  e f f l u e n t .  f i g u r e  2 shows t h a t  these com- 
pounds e l u t e  i n  t h e  e f f l u e n t  at  a concent ra t ion  o f  about th ree  t imes t h a t  o f  the  
o r i g i n a l  feed. A rough mass balance ind i ca tes  t h a t  these compounds are q u a n t i t a t i v e l y  
desorbed and p r a c t i c a l l y  none i s  l e f t  on the  column a f t e r  t he  concentrated f ron t  has 
e lu ted .  
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The main conclusion i n  t h i s  study i s  t h a t  sulphide minera ls  have a very low 
adsorp t ion  capac i ty  f o r  n i t rogenous compounds. These adsorbents, however, were found 
t o  be se lec t i ve .  For example, p y r r h o t i t e  adsorbs about 20 t imes more t r i b u t y l a m i n e  
than carbazole or t r ime thy lpy r ro le .  The more bas ic  compounds are usua l l y  more 
q u a n t i t a t i v e l y  adsorbed which suggests t h a t  these compounds are adsorbed on the  Lewis 
and/or Bronsted ac id  s i t e s .  Therefore, i n c r e a s i n g  the surface a c i d i t y  should 
increase the  amount o f  n i t rogenous compounds adsorbed. 

I lmen i te  was t rea ted  w i t h  bromide t o  form TiBr, and FeBrx on the  
surface. These s a l t s  are known as s t rong Lewis acids.  The capac i ty  o f  t he  t r e a t e d  
i l m e n i t e  i s  much h igher  than t h a t  o f  the  n a t u r a l  mater ia l .  

The model compound study gives some i n s i g h t  i n t o  the  adsorp t ion  mechanism. 
Indeed, t h e  adsorp t ive  p r o p e r t i e s  o f  the  18 compounds d i f f e r  depending on t h e i r  
nature.  
adsorp t ion  behaviour as fo l lows:  

The compounds can be subdiv ided i n t o  four  c lasses according t o  t h e i r  

1 - 
carbazole 

I1  - 
a n i l i n e  

I V  - I11 - 
1,2,5- t r imethy lpyr ro le  dibenzylamine 

te t rahydrocarbazo le  2-phenylpyr id ine n-octylamine l -phenethy l -  

i n d o l e  3,b-benzacridine n-decylamine 2 , 2 ' - d i p y r i d y l  

3-methyl indole qu ino l i ne  2-aminochrysene benzy lamine 

phenothiazine 2-methylacr id ine 

I n  c lass  1 a l l  compounds are p y r r o l i c  with a c t i v e  protons on the  n i t r o g e n  and a r e  
weakly ac id i c .  Carbazole i s  hard ly  re ta ined  and the  r e s t  only s l i g h t l y .  Due t o  t h e  
absence o f  a concentrated e l u t i o n  f ron t  i t  appears t h a t  the  adsorpt ion i s  
i r r e v e r s i b l e .  I n  cont ras t ,  c lass  I 1  compounds, being weakly basic,  are more 
q u a n t i t a t i v e l y  re ta ined  bu t  are also d isp laced and e l u t e  as a concentrated f ron t .  
Their  behaviour i s  t y p i c a l  o f  displacement chromatography. Classes 111 and I V  a re  
d e f i n i t e l y  more bas ic  and more q u a n t i t a t i v e l y  adsorbed. 
has broken through. 

p i p e r i d i n e  

I n  c lass  I V  only benzylamine 

Since classes I and 111, w i th  the  except ion o f  the  t r ime thy lpy r ro le ,  c o n t a i n  
an a c t i v e  hydrogen, a poss ib le  exp lanat ion  o f  these r e s u l t s  i s  g iven  below. 

I t  i s  w e l l  known t h a t  t i t a n i u m  ha l i des  w i l l  r eac t  w i th  pr imary and secondary 
amines t o  form a complex ( 6 ) .  
d isp lace  ha l i des  t o  g ive  complexes XZTi(NHR)z or XBTi(NRz). S imi la r  reac t ions  are 
probably occur r ing  at  the  surface o f  the  t rea ted  i l m e n i t e  for t i t a n i u m  and i r o n  s a l t s .  

Ni t rogenous compounds with an a c t i v e  hydrogen can 

MXx + n(NHzR) + XX-,M(NHR), + nHBR Eq. 1 

or 

Eq. 2 

where M = T i  or Fe 
X = h a l i d e  
n 5 1 or  2 depending on the  na ture  o f  the  amine 
R = a l k y l  group 
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I n  t h i s  case adsorpt ion i s  r e a l l y  a sur face complexation. 
the term adsorpt ion i s  used. 

For purposes o f  t h i s  paper 

Contrary  t o  c lass  I ,  c lass  I1 compounds were r e v e r s i b l y  adsorbed. These 
compounds w i t h  t h e  exception o f  a n i l i n e ,  do not have an a c t i v e  hydrogen on the 
n i t rogen  atom. 
the  donation o f  t he  e lec t ron  p a i r  o f  the n i t r o g e n  t o  t h e  Lewis centers. 
phys i ca l  forces, i n t e r a c t i o n s  of the p i  e lec t rons  w i t h  the sur face,  and hydrogen bond 
format ion are neglected) .  The reac t i on  can be i l l u s t r a t e d  as fo l lows:  

This imp l i es  t h a t  the on ly  mechanism o f  adsorpt ion would be through 
(Here, 

XxM + :NR3 + XxM:NR3 Eq. 3 

D e l o c a l i z a t i o n  o f  the lone p a i r  o f  e lec t rons  over the r i n g  decreases i t s  a v a i l a b i l i t y  
f o r  bonding. S ince c l a s s  I1  compounds are aromatics i t  i s  expected that. they w i l l  
form o n l y  weak bonds with the surface. This reac t i on  i s  found t o  be r e v e r s i b l e .  The 
more b a s i c  compounds o f  classes 111 and I V  probably d isp lace compounds o f  c lass  I 1  
accordins t o  the reac t i on :  

XxM:NR3 + nNH2R + X,-,M(NHR),+ :NR3 + nHBr Eq.  4 , 

Class I V  compounds have the h ighest  a f f i n i t y  for  t he  surface. These 
compounds are bas i c  and w i l l  r eac t  w i t h  a qreat p o r t i o n  o f  t he  s i t e s .  
i s  p a r t i c u l a r l y  i n t e r e s t i n g .  I t  does not. have an a c t i v e  hydrogen on the  n i t r o g e n  
atom, bu t  i s  known t o  be a s t rong l i g a n d  (8). I t  g ives s t ronger  complexes than 
l igands such as primary and secondary amines. It w i l l  r eac t  w i t h  the sur face i n  a way 
s i m i l a r  t o  that. descr ibed by Eq. 3.  

2,Z1 d i p y r i d y l  

The d i f f e r e n c e  in  adsorpt ion capaci ty  between the va r ious  c lasses can be 
expla ined i n  terms o f  t h e i r  r e l a t i v e  b a s i c i t y .  The sur face i s  made o f  s i t e s  o f  
var ious a c t i v i t y .  The s i t e  d i s t r i b u t . i o n  i s  expected t o  resemble a Boltzmann 
d i s t r i b u t i o n  where the h i g h l y  a c t i v e  s i t e s  represent on l y  a smal l  f r a c t i o n  o f  t h e  
s i t es .  The ex ten t  o f  adsorpt ion o f  the n i t rogenous compounds wit-h the sur face Lewis 
acids w i l l  depend on the a v a i l a b i l i t y  o f  the lone p a i r  o f  e lec t rons  on the  n i t r o g e n  
atom. Compounds o f  c lass  I are not bas i c  and w i l l  r e a c t  only w i t h  the h i g h l y  a c t i v e  
s i t es .  These represent  only a smal l  percentage o f  the s i t e s  which expla ins the low 
l e v e l  o f  adsorpt ion o f  c lass  I compounds. Compounds o f  classes111 and I V  are much 
more b a s i c  and w i l l  r eac t  w i th  a much broader range o f  s i t e s  than those o f  c lass  I and 
have a h igher  l e v e l  o f  adsorption. S t e r i c  hindrance could a l so  poss ib l y  p lay a ro le .  

CONCLUSIONS 

This study suggests t h a t  the adsorpt ion o f  n i t rogenous compounds on su lph ide 
minera ls  and i l m i n i t e  proceeds v i a  an acid-base i n t e r a c t i o n .  These adsorbents would 
successfu l ly  remove b a s i c  nitrogenous compounds, but  no t  the a c i d i c  n i t rogenous 
compounds. Th is  imp l i es  tha t  the e f f e c t i v e  capaci ty  of the adsorbent. w i l l  vary w i t h  
the feed composit ion. 
r o u t i n e  use w i t h  feeds o f  changing composit ion such as petroleum feedstocks. 

This  unce r ta in t y  would i n h i b i t  t h e  use o f  such an adsorbent f o r  

Therefore, t he  waste minerals i nves t i ga ted  are not f eas ib le  adsorbentsfor 
However, t h i s  study suggests a new approach t o  desiqn an e f f e c t i v e  i n d u s t r i a l  use. 

adsorbent . 
i n t e r a c t i o n  which would a l l ow  bo th  ac id  and bas i c  n i t rogenous compounds t o  be 
separated i n d i s c r i m i n a n t l y .  
w i l l  be pubished soon. 

The i d e a l  adsorbent. would separat.e these compounds by a non-acid/base 

Such sn adsorbent has been i d e n t i f i e d  and the r e s u l t s  
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TABLE 1 

ORDER OF BREAKTHROUGH FOR MODEL COMPOUNDS 

Curve No. I n i t i a l  Volume a t  which 
on Concentrat ion 10% i s  reached 

F iq.  2 Compound PPm (mL) PKa* 
1 Carbazole 25.24 1 
2 3-methyl indole 26.74 20 
3 Phenothiazine 29.60 25 
4 Indo le  29.37 31 
5 le t rahydrocarbazole 27.70 30 
6 A n i l i n e  30.12 45 4.63 
7 2-phenylpyridine 24.26 45 
8 2-aminochrysene 13.90 45 
9 1,2,5-Trimethylpyrole 28.20 48 

10 3,4-benzacridine 7.85 51 
11 n-octylamine 32.62 55 10.65 
12 n-decylamine 27.08 60 10.63 
13 Qu ino l i ne  32.02 65 4.90 
14 2-methylacridine 18.40 100 
15 Benzylamine 39.79 100 9.33 

1-phenethy lp iper id ine 22.88 
2 ,2 ' -d ipy r idy l  55.58 
Oibenzylamine 26.48 

+CRC - Handbook o f  Chemistry and Physics, R.C. Weast Ed., CRC press 1976, 
57th e d i t i o n .  

247 



W 

z 
z 
t- 
z 
W 
V 

E lol/,  , , , , , , , , , 
O o 4 e 1 2  16 m 24 23 32 40 44 4a 5 2  56 F‘J 64 68 72 76 80 

V O L U M E ,  ml 

Fig. 1 - Adsorption of nitrogenous compounds on pyrrhotite 
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Fig. 2 - Breakthrough curves of individual compounds 1) carbazole; 
2) 3-methylindole; 3) penothiazine; 4 )  indole; 5) tetrahydro- 
carbazole; 6) aniline; 7) 2-phenylpyridine; 8) 2-aminochrysene; 
9) 1,2,5-trimethylpyrrole; 10) 3,4-benzacridine; 11) n-ocylamine; 
12) n-decylamine; 13) quinoline; 14) 2-methylacridine; 15) benzyla- 
mine; not broken through: dibenzylamine; 1 phenethylpiperidine; 
2,2’ dipyridyl. 
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